Breast cancer screening programs operate across Canada providing mammography to women in target age groups with the goal of reducing breast cancer mortality through early detection of tumors. Disparities in breast screening participation among socio-demographic groups, including immigrants, have been reported in Canada.
| INTRODUCTION
Programmatic breast cancer screening with mammography is offered across Canada in an effort to detect tumors at earlier stages and reduce mortality from breast cancer. Screening mammograms are publicly funded in all Canadian provinces for women in target age groups yet in most Canadian jurisdictions participation rates remain well below the national target level of 70%.
1 Breast screening participation rates are a composite measure of a program's ability to attract the target population to screen and their ability to retain this population throughout the duration of their screening eligibility. Recent screening retention rates in Canada have been similarly disappointing with some jurisdictions reporting declining retention 2,3 and 30-month retention rates of first time participants below 50%. 2 Disappointing breast screening participation rates as well as a desire to assess potential health inequities in cancer screening have motivated several recent investigations into potential screening disparities among socio-demographic groups in Canada. [4] [5] [6] [7] [8] [9] [10] [11] [12] Studies that have specifically examined breast screening have found screening disparities among immigrant subpopulations, as well as associations between mammography rates and duration of residence in Canada, primary care physician characteristics, primary care contacts, and other health and socio-demographic variables. [8] [9] [10] [11] [12] Research in Ontario, Canada identified disparities in screening rates among immigrant groups defined by world region of birth, including that South Asians had the lowest breast screening rates among all groups examined. 9 Further research from the same population suggests that South Asian women may have more advanced breast tumors at the time of diagnosis. 13, 14 Differences in screening rates within the immigrant population by length of residence in Canada have been reported, with much lower participation among more recent immigrants. 10, 12 The world region categorization used in prior Canadian studies 8, 9, 11 pooled women from a diverse set of countries, all of which have sizeable populations in Canada. For example, the East Asia/Pacific group included Filipino, Chinese, Korean, and Japanese immigrants. These groups may face different barriers to breast screening and have different screening patterns, but these potential differences are masked when data are examined only by world region of birth. Further, the composition of immigrant populations within each of the world region groups in terms of country of birth may differ across Canadian regions. For example, in Ontario, data from the 2016 Canadian census identified that 22% of the South Asian population originated from Pakistan while 55% were born in India. 15 This same census identified the percentage of South Asian immigrants living in BC hailing from Pakistan and India as 6% and 90%, respectively. Thus interpreting regional differences in immigrant breast screening rates may be facilitated by examining rates by individual birth country. Prior breast screening studies generally focused on screening participation as the primary endpoint. Screening retentiondefined simply as repeat screening according to guidelinesis an important performance indicator for cancer screening programs and may also show disparities among immigrant populations. British Columbia has several strengths as a population within which to examine cancer screening patterns among Canadian immigrants. First, the 2016 Canadian Census showed that more than 1.29 million individuals, or 28.3% of the province's population, are foreign-born.
| Cohort derivation

| Participation cohort
The study cohort to examine screening participation was identified from the provincial health registration file and consisted of all women in BC who were aged 50-69 years for the entire period from 1 January 2013 to 31 December 2014. This age group was chosen to align both with prior studies of breast screening participation and to reflect an age group within which average risk women have generally been recommended to screen biennially in Canada. Women were excluded if they had a diagnosis of breast cancer or mastectomy prior to 1 January 2013 were not continuously registered in the provincial health insurance plan 1 from January 2011 through the study period, or died prior to 31 December 2014. Women had to be registered over this entire period in order to characterize health-service use and other health T A B L E 1 Details of data sources accessed for the present study
Database Description
Years of data utilized by present study
Screening Mammography Program of British Columbia (SMPBC) database 38 Includes information on SMPBC clients including demographics, self-reported breast cancer risk factors, screening mammogram information, and results. The SMPBC database has captured information on clients since the program's inception in 1988.
1988-2014
BC Cancer Registry (BCCR) 39 A population-based registry of all cases of cancer diagnosed in BC residents since 1970. Data from BCCR can be linked to other data sources from 1985 on as this was the first year that the provincial personal health number was consistently captured across health databases in BC.
1985-2014
Medical Services Plan (MSP) physician payment file 40 Includes all services provided by fee-for-service practitioners to individuals and billed to BC's Medical Services Plan. MSP is BC's public universal health coverage plan. Data include service dates, fee codes, and diagnoses responsible for paid physician services.
2008-2014
Consolidation file 41 The central demographic file containing residential and health coverage information for all individuals registered with MSP or who receive health services in BC
Discharge Abstract Database (DAD) 42 Includes data on hospital discharges, transfers, and deaths of in-patients as well as day surgery admissions to BC acute care facilities. This data set includes patient and facility information as well as clinical details (including in-hospital interventions) associated with the patient's hospital stay.
1985-2014
Citizenship and Immigration Canada database 43 Includes immigration details on permanent residents who immigrated to Canada between 1985 and 2012. Information includes details on countries of birth, last residence and citizenship, immigrant class, year of arrival and landing as well as socioeconomic information such as education-level, occupation skills, and Canadian language proficiency. Limited to those immigrants who at one point were registered in BC's health coverage plan and thus were identified in the Consolidation file described above.
1985-2012
BC Vital Statistics Agency database 44 Captures all deaths registered in BC. [2010] [2011] [2012] [2013] [2014] measures over a 2-year look-back period (2011-2012) prior to the interval over which we calculated our study outcome (2013-2014).
| Retention rate cohort
For the retention rate outcome, we examined a cohort of all screening eligible women who received a screening mammogram (the "index" screen) through the provincial screening mammography program of BC (SMPBC) between 1 January 2010 and 30 June 2012. These dates were chosen to permit a minimum of 30 months of follow-up on each cohort member in order to determine a 30-month retention rate. A 30-month retention rate endpoint was chosen to align with the definition reported as a performance indicator by breast screening programs in Canada. 1 As with the participation cohort, women were considered eligible if they were between 50 and 69 years of age for the entire period from the date of the index mammogram to the end of follow-up (30-months after their index mammogram). We further restricted this group to those who maintained provincial health coverage for the 2-year period prior to the index mammogram to permit the evaluation of health service use for cohort members. Women were excluded if they died, developed breast cancer, had a mastectomy or discontinued provincial health coverage prior to the date of their next screen or the end of follow-up. In the event women had 2 mammograms in the study period, we chose the first mammogram as the index mammogram.
| Study outcomes and variable definitions
The primary study endpoints were the screening participation rate and 30-month screening retention rate. The participation rate was defined as the number of women having a screening mammogram performed through the SMPBC between 1 January 2013 and 31 December 2014 out of the number of eligible women in the cohort. The retention rate was calculated as the number of women who had a screening mammogram performed through the SMPBC within 30 months of their index mammogram out of the total number of women who were eligible to be re-screened over that period (ie, the number of women in the retention rate cohort). Diagnostic mammograms are not performed through the SMPBC in BC and are billed directly to the provincial health system by radiologists and can be booked only with a referral from a physician. However, it is unknown the extent to which women utilize diagnostic mammograms in the province for screening purposes. Thus, as a sensitivity analysis of the participation rate, we further included any bilateral mammograms billed directly to the health system (henceforth termed "diagnostic" mammograms) in the study period for any women who did not have a screening mammogram performed within the SMPBC.
We created study groups of nonimmigrant and immigrant women through linkage of the study cohorts to the immigration data. Any cohort member that did not link to the immigration data was assumed to be a nonimmigrant woman. Available immigration data included only individuals who immigrated to Canada between 1985 and 2012 and thus women who immigrated prior to 1985 cannot be distinguished in our data from nonimmigrant women. Our main analyses aimed to present screening rates by birth country as identified in the immigration file. Geopolitical changes that have taken place over the immigration dates covered by this data file necessitated combining some countries into single groups: countries of the former Union of Socialist Soviet Republics (USSR) were assembled into a "Former USSR State" group; countries of the former Yugoslavia were aggregated into "Former Yugoslavia"; women from the People's Republic of China, Macau, Hong Kong, and Taiwan were combined into a single group labeled "CMHT" in all tables and figures. We created world regions based primarily on groupings of countries used by the World Bank 19 and consistent with other recent Canadian studies. 9, 20 Immigrant women from countries with <100 total women were pooled into an "Other Immigrant" group within each world region. Several socio-demographic and health-related measures were generated from the data sources identified in Table 1 in order to characterize study cohorts and examine correlates of breast screening. These variables included age, income quintile, rural residence, prior breast screening, index mammogram result, breast cancer family history, primary care physician (PCP) visits, the number of Johns Hopkins major aggregate diagnosis groups (ADGs), 21 duration of residence in Canada, immigration class and application type, as well as Canadian language proficiency and education level at the time of landing. The full definitions of these variables can be found in Table 2 .
| Statistical analysis
Age-standardized participation and retention rates were calculated according to country and world region of birth using the age-distribution of the nonimmigrant women as the standard population. Rates were generated for all countries with a minimum of 100 eligible women and presented graphically with 95% confidence intervals. For birth countries for which there were at least 2000 women in the participation cohort, we undertook further analyses examining both the characteristics of the cohorts and their screening endpoints. This minimum sample size was chosen in order to obtain reasonable confidence interval widths for participation rates. Socio-demographic and health measures were compared across immigrant groups and nonimmigrant populations using descriptive statistics. Screening participation and retention rates were generated by study group, both overall and stratified by other key variables, to explore the variation in screening endpoints; exact 95% confidence intervals were calculated for both endpoints.
We further examined the characteristics of screening eligible immigrants who had resided in Canada for <10 years ("recent" immigrants). Descriptive statistics for sociodemographic, healthcare and immigration factors were generated by country of birth for women from the 8 most common birth countries. These countries were chosen as they accounted for more than 80% of the recent immigrant population, and each had a sufficient sample size to calculate participation rates. Recent immigrant women from countries other than these 8 were pooled into an "Other Immigrant" category for this analysis. We calculated participation rates according to these same variables within each birth country cohort. To identify independent predictors of screening for each birth country cohort, we used Poisson regression models with adjustment to the parameter estimate variances to permit a direct estimation of the adjusted relative risks as the endpoint of interest (screening participation) was not rare. 22 Separate models were fit for each of the immigrant groups allowing for different variables to be selected or different effect estimates within each group. Categorical variables with <10 women within one of the categories were grouped with adjacent categories; binary explanatory variables with <10 women in one of the categories were not considered for that specific immigrant group. These decisions were made to avoid difficulties with model convergence. Terms were considered in an initial model containing all predictor variables with a sequence of generalized score tests 23 used to backward eliminate variables not significantly associated with participation. All analyses were conducted using the Statistical Analysis Software (SAS) version 9.4 (SAS Institute, Cary, NC, USA) and the R statistical computing software version 3.3.2 (http:// www.cran.r-project.org/).
T A B L E 2 Definitions of study variables
| RESULTS
| Breast screening participation
The participation cohort included 537 783 women of whom 85 902 (16.0%) were identified as immigrants. The majority of the immigrant population who were eligible for breast screening during our study period hailed from Asia with more than 59.0% of the immigrant population in our cohort born in CMHT, the Philippines or India (Table 3) . Among immigrant groups, duration of residence in Canada was highly variable. For example, the majority of Vietnamese immigrants (63.7%) had resided in Canada for 20 or more years; this contrasted with the Indian immigrant group where only 12.6% had been in Canada 20 years or more. Compared to nonimmigrant women, the immigrant sub-populations were younger with a higher frequency of women in the 50-59 age group; immigrant Indian women, however, were more commonly aged 60-69 (52.6%), higher than other study groups (21.2%-40.4%). Most of the cohort resided in urban areas, with immigrant populations generally showing a higher frequency of urban residence. Korean and Chinese immigrant women showed a much higher frequency (~15%) of women who had not seen a physician in the 2-year look-back period.
The age-adjusted participation rates varied considerably by country and world region of birth ( Figure 1) . Women from the East Asia/Pacific region generally showed lower screening rates than the nonimmigrant population; however, women from some countries, particularly South-East Asian countries (eg, Brunei, Malaysia, Indonesia) demonstrated similar rates to nonimmigrants. South Asian women also had lower participation rates than the nonimmigrant population; participation was particularly low for immigrants from Pakistan within this region. With the exception of women born in Afghanistan, Central Asian/Eastern European immigrants showed consistently lower participation (35.0%-49.0%), with some of the lowest rates among the countries examined in our analysis. Age-standardized participation rates and confidence intervals for all countries examined can be found in Table S1 . Table 4 shows the overall participation rates for the entire population as well as for birth countries with at least 2000 women in the cohort. The unadjusted participation rate for the entire cohort was 50.3%. Within this group of countries, there was large variation in the participation rates with South Korean women reporting the lowest participation (39.0%) and women from Iran (53.9%) the highest. Screening rates did not vary consistently with age across the immigrant populations. Among immigrant women aged 50-59, participation was lowest for immigrants from South Korea (37.6%) and highest for those from the UK (54.3%). There was similar variation in participation among the immigrant women aged 60-69 with the lowest rates in Indian women (41.1%) and highest in immigrants from the UK (57.0%). Participation in the nonimmigrant population was higher in the 60-69 age group (55.1% vs 48.5% in the 50-59 age group). These patterns resulted in some age-specific disparities such as those observed for Indian women, where in the 50-59 age group, the participation rate was identical to the rate among nonimmigrant women but in the 60-69 age group it was almost 13% lower.
Screening participation increased with income quintile in the nonimmigrant population; however, the relationship varied across immigrant populations (Table 4) . Screening rates increased with PCP visits for almost all of the groups. Screening rates were very low (5.6%-16.7%) for women who had no contact with a PCP in the 2 years prior to the start of follow-up. Participation generally increased with duration of residence in Canada. This was most evident for women from CMHT, India, and South Korea where the absolute difference in participation between the most recent and longest-term immigrants (≥20 years in Canada) approached or exceeded 20%. Screening rates for most long-term immigrant groups approached those of nonimmigrant women. For completeness, and to enable comparisons with other prior Canadian studies, we have included in the supplemental materials (Table S2 ) a table of participation rates stratified by key study variables and the birth world region group used in prior Canadian studies.
The sensitivity analysis, where diagnostic mammograms performed outside the screening program were included in the participation endpoint, yielded nearly identical results to the primary analysis (data not shown). The overall participation rate for the cohort increased to 54.2% with the ordering of the various subpopulations remaining largely the same. Although the inclusion of these mammograms increased some groups' participation rates approximately in-line with the increase seen in the overall population rate (4%), the Iranian women's rate increased 8% with these additional mammograms. In contrast, the rate for Indian women increased only 1.8%. Generally, relationships between participation and other variables remained similar to the main analysis.
| Breast screening retention
The retention rate cohort included 281 052 women of which 12.8% were identified as immigrants ( Table 5 ). The age distribution of the retention rate cohort closely resembled that of the participation cohort for most groups. Indian immigrants tended to be younger in the retention cohort compared to the participation cohort. Although there was still notable variation in the number of physician contacts across study groups in the retention cohort, there were far fewer women in any study group with no PCP contacts (range 0.3%-1.8% in the retention rate cohort vs 2.8%-15.2% in the participation cohort). Indian women reported the lowest rate of prior screening such that the index mammogram used in our study was the first screen for 22.7% of the Indian group compared to only 5.6% in the nonimmigrant group. Figure 2 shows the age-standardized 30-month retention by country of birth. There was much less variation in retention rates among birth countries than in the participation rates ( Figure 1 ). For example, although the Eastern European/ Central Asian immigrants still had numerically lower retention rates compared to nonimmigrants, these countries were much closer to the nonimmigrant rates (eg, rates within this region ranged from 61.6% to 74.6% vs 74.4% for nonimmigrant women). Some immigrant groups that had low participation within their world region group, such as Germany or Japan, demonstrated retention rates consistent with the nonimmigrant population or in the case of Pakistan similar to the regional rate. Because retention rates by country may be influenced by the fraction of index mammograms in each group that represented women's first time screening, we have provided this additional data in Table S3 .
T A B L E 3 Characteristics of screening participation cohort
The overall 30-month retention rate for the study cohort was 74.0% (44.4% for first time screeners vs 76.0% for those who had previously screened). Retention rates across immigrant groups ranged from 64.9% in Korean women to 77.4% Years of residence in Canada for the "Population" column refers to the pooled group of all immigrants. (Table 6) . Retention rates showed modest increases with age among nonimmigrant and South Korean women, whereas most other groups showed little association with age. Indian women who showed a decrease of approximately 7% in participation with age showed similar retention rates in both age groups (~70%). Among first-time screeners, South Korean women had the lowest retention (40.3%), while immigrants from the UK (61.2%), Iran (52.0%), and the Philippines (52.6%) had the highest. Retention rates generally increased with greater physician contact, with most groups having the lowest retention rates among women who had no contact with a primary care physician. Among women who had at least 1 PCP contact in the look-back period, the variation in retention rates across the levels of PCP visits differed by group. For example, among immigrants from the USA and UK, the range in observed retention rates across levels of PCP visits was no more than 4.8% and 7.4%, respectively; the range was significantly higher among women from Iran (13.8%), Vietnam (14.4%), and CMHT (16.9%). Table 7 provides the characteristics and participation rates by birth country for immigrant women with <10 years of residence in Canada. This analysis was limited to the 8 most common birth countries among recent immigrants, which represented more than 80% of all recent immigrants. Screening participation rates were not calculated for cells with <10 women, identified in the table as "NC" (not calculated). The most common birth countries represented within this population are nearly identical to the most common countries identified among all immigrant women (Table 3 ) with the only difference being a substitution of the Former USSR in the recent immigrant group for Vietnam in the total immigrant population.
T A B L E 4 (Continued)
4054 | WOODS et al. for women from the United Kingdom
| Characteristics and screening participation of recent immigrants
Recent immigrants were more commonly aged 50-59, with the notable exception recent Indian immigrants who were almost evenly split among age groups. Screening participation rates were lower in the older age group for several immigrant groups (women from CMHT, India, Philippines, Former USSR and Other Immigrants); however, in other groups, there appeared to be little relationship. There was a considerable range in Canadian language fluency with women from CMHT and India having >75% with no competence in English or French, while others reported near 100% fluency. Language competence did not seem to associate with screening participation in several of the immigrant groups (CMHT, the Philippines, South Korea, Iran) while women from the India, Former USSR, and Other Immigrant groups showed lower screening participation among women with no Canadian language competency. Education level at the time of landing similarly showed strong variation across study groups. Chinese immigrants reported 50.3% having secondary school education or less; nearly half of recent Indian immigrants reported no formal education and an additional 34.8% reported secondary school or less. For immigrant women from the Philippines, US, and the Former USSR, the percentage of women with undergraduate or graduate degrees was above 60% suggesting highly educated groups. Curiously, 11.2% of recent immigrants from the UK reported no formal education which may represent a data quality issue; the majority of these women were identified as dependent immigrants within the immigration data. Indian immigrants and Other Immigrants also showed a comparatively higher percentage of women with no prior education. There was a strong association in these 2 groups between reporting no prior education and older age, no Canadian language proficiency, and immigrating as a family class or refugee immigrant (data not shown). The relationship between education level and screening participation was not uniform across immigrant groups.
Screening participation rates were higher among refugee immigrants compared to either economic or family class immigrants for immigrants from CMHT, India, and South Korea. In all 3 of these groups, however, the number of women immigrating under this class represented a very small proportion of the immigrant population. Among immigrants from the Former USSR, refugee class immigrants showed the lowest participation rates; however, this group was comprised of only 22 women, and thus, the participation rate is highly imprecise.
The median number of PCP visits was lower for women from South Korea (5.0) and CMHT (6.0) and much higher for women from India (13.0) and Iran (11.0). The percentage of South Korean (21.0%) and CMHT (15.3%) recent immigrants that had no PCP visits in the 2-year look-back period was higher than in the other groups. As with the analysis on the entire cohort, the recent immigrant analysis revealed a strong positive relationship between screening participation and number of PCP visits. In all immigrant groups, the women with no recent PCP visits had the lowest screening rates.
Our analysis to identify independent predictors of breast screening participation among the most recent immigrants identified only the number of PCP visits as a significant predictor within all immigrant groups. Compared to women who had 10 or more PCP visits, those with no recent PCP visits showed adjusted relative risks (ARRs) in the range from 0.11 to 0.37 (Table 8) indicating much lower screening. ARRs increased in each immigrant group with the number of PCP visits. Older age (60-69 vs 50-59) was associated with less screening participation in women from CMHT, India, the Philippines, the Former USSR, and Other Immigrants. Among women from India, US, Former USSR, and Other Immigrants, those with lower education levels tended to screen less in comparison with women with graduate education. The Former USSR group had <10 women reporting no formal education, and thus, this group was pooled with the "secondary school or less" group for this analysis. Thus the ARR for this group needs to be interpreted differently than for the other immigrant populations. The Former USSR group was the only group for which the immigrant class variable was significantly associated with participation with family class immigrants demonstrating greater participation compared to economic migrants (ARR = 1.57). Although considered in the analysis, Canadian language proficiency at the time of landing, rural residence, and the number of major ADGs was not identified as being significantly associated with participation in any of the immigrant groups.
T A B L E 5 Characteristics of screening retention cohort
| DISCUSSION
Our study demonstrates that screening mammography participation rates in BC are lower for some immigrant subpopulations compared to nonimmigrant women. We identified variation in participation rates when women are grouped by both world region of birth and by individual countries of birth. Participation rates also varied within immigrant subpopulations according to age group, duration of residence in Canada, as well as other socio-demographic variables. At the same time, the relationship between participation and these variables was not consistent across the immigrant populations.
To our knowledge, this is the first large population-based study in Canada that has examined breast screening retention rates as an endpoint in comparing immigrant and nonimmigrant groups. In comparison with the participation rate analysis, we found less variation in screening retention rates across both world region and birth country groups. When the analysis was restricted to women with at least one mammogram within the program prior to the index screen, the variability in retention rates was reduced further (Table S3) . Our retention rate analysis revealed less disparity with the nonimmigrant population for women from the Central Asian/ Eastern European region compared to what was observed in the participation analysis. Indian immigrant women showed lower participation rates compared to nonimmigrant women; however, in the retention rate analysis that was restricted to those women with at least one screen prior to the index screen, the retention rates for the 2 groups were essentially identical. These findings of lower variation in retention rates across many of the groups we examined and less disparity with the nonimmigrant rate are possibly encouraging in that they may suggest that different groups of women, once attracted to programmatic screening, can be similarly retained. 
T A B L E 5 (Continued)
T A B L E 6 Thirty-month screening retention rates for screening eligible women by study factors Years of residence in Canada for the "Population" column refers to the pooled group of all immigrants.
T A B L E 6 (Continued)
Our participation results are consistent with prior Canadian studies that have reported lower breast cancer screening rates among immigrant women and specific immigrant subpopulations. [9] [10] [11] 24 Recent data from Ontario, Canada 9 demonstrated that among immigrant women, South Asians had the lowest breast screening utilization rate with the age 60-69 group demonstrating lower screening than those aged 50-59 years. Similar results were found for Indian immigrant women in our cohort. Consistent with our findings, Eastern European/ Central Asian immigrant women in Ontario were also found to have among the lowest participation rates. Our results provide additional detail, showing that participation rates are consistently poor among all countries in this regional group. Prior Canadian studies have also noted that breast screening participation is strongly associated with duration of residence in Canada. 9, 10, 12, 24 Although we observed this same association within many of the immigrant groups we examined, immigrants from Iran and the UK did not show a clear association. Further, when screening retention was examined, the association with duration of residence in Canada was less consistent across groups examined. While it was generally true that retention rates were lower among the most recent immigrants, the retention rates did not increase across the categories reflecting increased duration of residence in Canada in several groups. Our analysis at the individual country level identified some screening patterns not reported in recent studies which examined data at the world region level. Screening "-" indicates no estimate available for this variable as this term was not retained in final model; CMHT, China, Macau, Hong Kong, Taiwan; PCP, primary care physician; Q, quintile; UK, United Kingdom; US, United States of America; vs, versus.
T A B L E 7 (Continued)
Other variables considered that were not predictive for any immigrant population were # of major aggregate diagnosis groups, rural residence and Canadian language ability at time of immigration. Some variables could not be considered in all groups due to sample sizes including rural residence within Korean immigrants and Canadian language ability among immigrants from USA and UK.
a Within Former USSR education categories "secondary or less" and "none" were grouped together due to small sample size.
participation and retention among South Korean immigrant women in our study was very low relative to nonimmigrants and other immigrant populations; among recent immigrants, this group also demonstrated some of the lowest participation and retention rates. Our findings also suggested that a significant proportion of this group had no apparent PCP visits in the look-back period (15.2% overall and 21.0% of recent immigrants) and low proficiency in Canadian languages. As noted in a recent review article, 25 there have been limited Canadian data reporting on breast screening rates for Filipino women who are BC's second largest population of screening-age immigrant women. Thus, our study contributes important data on this population including a description of both screening patterns and characteristics of the screening-age Filipino immigrant population in BC. Although overall participation for this group was similar to the East Asia/Pacific region rate, Filipino women residing in Canada for <10 years had a participation rate 14% lower than that of nonimmigrants; among women aged 60-69 the rate was 19% lower. The characteristics of recent Filipino immigrants suggested a highly educated group with strong Canadian language proficiency, living almost entirely in urban areas; further, almost 95% of recent Filipino immigrants reported some PCP visits in the look-back period. Thus, the information identified within the present study may help to support interventions and promotions within both of these populations.
There have been numerous studies of breast cancer screening among immigrant populations undertaken in other countries. [26] [27] [28] [29] [30] [31] [32] Comparing results between studies is challenging as the birth country composition of immigrant populations vary significantly across countries, barriers to screening for immigrants in their adopted country may be different, and the health and cancer screening systems may also differ in significant ways. Acknowledging the challenges with comparing studies, findings have generally reported that screening rates among immigrant populations are lower than those among nonimmigrants. Among these studies, several have further assessed and reported a similar positive association between duration of residence in the adopted country and screening participation. 26, 30, 31 A recent population-based study from Norway reported that participation rates rose much more quickly with years of residence in Norway for women who immigrated from high-income countries compared to those that immigrated from middle-or low-income countries. Income level of the source country does not completely explain the patterns observed in our study as for example, South Korea showed a gradual increase in participation with duration of residence in Canada, similar to Indian or CMHT immigrants. Among studies that have reported screening rates for immigrants by region or country of birth, there are similarities to our findings of lower rates of screening among women from Eastern European/Central Asian, East Asian, and South Asian countries. 26, 30 Our results provide further evidence of the strong association between screening participation and primary care physician (PCP) contact. Participation rates within each of our study groups generally increased with physician contact; the lowest rates were observed in the groups of patients that reported no PCP visits. Further, in our analysis of predictors of screening participation among recent immigrants, the number of PCP visits was the only variable associated with having been screened in all immigrant groups examined. For recent South Korean immigrant women with no PCP visits (21% of all recent South Korean immigrants), the participation rate was only 5.2% while for women with 10 or more PCP visits it was 46.1%.The results were nearly identical for recent Chinese immigrant women and similar for other immigrant groups. Generally, retention rates were higher for groups with more PCP contact; it is worth noting that <2% of each study group in the retention rate analysis had no PCP visits and thus their retention rates are highly imprecise. Despite using a number of definitions for PCP contact, the association with breast screening has been reported in a number of Canadian studies. [9] [10] [11] 24, 33, 34 Generally, they have found recent contact with a PCP was associated with increased screening participation 9, 24, 33, 34 or that a greater number of PCP visits were associated with higher participation rates. 9 In Ontario, there has been considerable work examining the specific patient enrollment model (PEM) that attaches patients to a PCP and how this correlates with breast screening. [8] [9] [10] [11] PEM's provide various models of rostering patients to individual or teams of physicians with differences in the model of remuneration for care provided to patients. In a recent study of breast screening among immigrants to Ontario, only 10% of women in their populationbased cohort were not enrolled in some kind of PEM. 9 In BC, primary care is typically remunerated under a fee-forservice (FFS) model, and patients and physicians are not formally rostered together. Thus, our findings cannot be directly compared to studies that have shown that screening rates are generally improved among immigrant women rostered to PCP's with a PEM compared to those who are not. 9, 10 However, recent research has attempted to better characterize the PCP population in BC by examining the variation in PCP practice style using available administrative data 35 and suggests there is variation in the level of responsibility that fee-for-service PCPs assume for patients they see. Future work could thus assess the characteristics and practice style of the PCPs that immigrant and nonimmigrant women see and how these factors associate with screening uptake among eligible women. Our study strengths include the use of population-based, administrative data sets which permit the estimation of population screening rates and reduce the potential for selection bias. Thus, in contrast to studies that utilize survey methods, the present study is not affected by survey response bias or recall bias associated with the timing of the most recent mammogram reported by respondents. The data sets included information from diverse sources permitting the examination of screening rates by a variety of socio-demographic and health variables. The immigration data included the specific country of birth of each immigrant woman in our cohort permitting us to examine screening indicators by country of birth rather than aggregate world regions alone.
Reliance on administrative data does, however, impose some limitations on our findings. Although our study aimed to compare screening participation and retention rates in immigrant and nonimmigrant women, women who immigrated to Canada prior to 1985 are included in the nonimmigrant group. Although the magnitude of this misclassification is not known, because long-term immigrants tend to exhibit similar screening rates to nonimmigrants, our reported rates among immigrants are almost certainly lower than they would be had we been able to identify immigrants that landed in Canada prior to 1985 and include them in the immigrant group. The linkage of the immigration database to the provincial health client file to identify immigrants within the BC health system database was not performed directly by the research team and thus we could not directly assess the quality of the linked cases. The group responsible for the linkage, however, has significant expertise in record linkage and maintains the linked database infrastructure for a provincial, health data linkage research platform. We were also unable to examine immigrant women's screening, surgical and breast cancer histories prior to when they were represented in provincial data sets. Thus, women who developed breast cancer or had mastectomy surgeries outside of BC could not be removed from the screening-eligible cohort. The unexpectedly high percentage of immigrants from the UK reporting no prior formal education may suggest that education status was not accurately captured for all women within the immigration data. As the majority of these women were identified as dependents (in place of principal applicants) in the immigration data, it is possible that this information is less relevant for this type of applicant and was not captured as accurately. Unfortunately, we were unable to conduct verifications of the data due to the administrative nature of its collection and thus this remains a limitation of our data. It is possible that the imperfect measurement of this variable could impact the model selection and our ability to detect education effects or the effects of other variables considered in the models; however, we cannot fully quantify the potential impact of this.
We were also limited in our ability to count primary care visits definitively for each cohort member. Although primary care in BC is mainly delivered by fee-for-service physicians, a smaller fraction of physicians are paid under an alternate payment program for which no service use data are available. The implication is some patients who appeared to have no primary care encounters may in fact have seen a physician paid through alternative payments. Only 5.9% of the total cohort had no physician visits within our look-back period and thus the affected group did not comprise a significant portion of the total cohort. We relied on an ecological variable for socioeconomic status (income quintile) based on the cohort member's postal code of residence which may not accurately reflect their true income or socioeconomic status. The area-based income quintile available within our data sets was also derived using information collected from the 2006 Canadian census. It is possible that some neighborhood incomes have changed between 2006 and our follow-up periods and thus are not accurately captured within our data sets. Finally, screening rates for many of the birth country groups examined had low statistical precision due to the small numbers of women representing these groups within the study cohort.
Despite our findings of lower screening rates among some immigrant populations in BC, it is important to also reflect on the population statistics that our study presented, principally that only 50% of the eligible women participated in breast screening over the 2-year follow-up. Further, the 30-month retention rate for first time attendees in the present study was 44%. These statistics are far below targets set by Canadian cancer screening expert advisory panels.
1 Some of the observed screening disparities among immigrant sub-populations will require specific screening promotion to improve screening rates; there are strong equity rationales for such interventions. However, given the relatively small sizes of the immigrant populations within our cohort, raising the screening rates in the immigrant populations alone will not substantially improve the overall population screening rate. Addressing the observed screening disparities will be a complex task given the diversity of the BC immigrant population. The present paper was not intended as a comprehensive review of potential interventions to address disparities in breast screening; however, the literature related to screening barriers and interventions among immigrants is rich. Our findings highlight that screening rates are generally lowest among new or most recent immigrants suggesting this population as an important focus for intervention. However, designing interventions will be challenging given that, as shown in our findings, recent immigrants to BC are diverse with respect to characteristics such as language, PCP contact, age, and education level. This variation exists even within groups of women that immigrate from a common world region (eg, the Canadian language proficiency, education level and PCP contact among Chinese and Filipino immigrant women differed significantly). Despite this, as a substantial proportion of un-screened recent immigrants have had PCP contact,
